The antifungal and antibacterial properties of a series of 79 diarylamidine derivatives were evaluated. Several of these compounds exhibited considerable antimicrobial potency. A survey of the structure-activity relationship demonstrated that minor structural variations resulted in significant changes of antimicrobial activity. In general, the structural features required for antifungal activity coincided with those required for antibacterial activity. Both the antifungal and the antibacterial properties of the diarylamidines depended on the presence and the positions, of both amidino groups, on the nature of the central bridge connecting the two aryl moieties, and on the nature of these aryl residues (preferably indole). The most active compound was evaluated for its activity against Candida albicans infection in mice.
Investigations on therapeutic use of synthetic diarylamidines led to the discovery of the trypanocidal drugs stilbamidine, pentamidine, and Berenil (2, 13, 16) . Some early results (9, 11, (14) (15) (16) pointed out that such trypanocidal diarylamidines might also be endowed with antibacterial and antifungal activities. It also became evident that the activities against microorganisms may vary upon slight modification of the molecular structure of the diarylamidines, thus making feasible the development of more specific, chemotherapeutically valuable antimicrobial compounds.
We evaluated the antibacterial and antifungal properties of a large series of diarylamidine derivatives and assessed the structural parameters that underlie their growth-inhibitory activity. The most active compound of this series was further examined for its in vivo efficacy against generalized Candida albicans infection in mice.
MATERIALS AND METHODS Species. Antifungal potency was evaluated with clinical isolates of Candida albicans, C. parapsilosis, C. guilliermondii, Geotrichum candidum, Trichosporum cutaneum, Scopulariopsis brevicaulis, Microsporum vanbreuseghemii, Aspergillus fumigatus, A. niger, and A. flavus. Antibacterial activities were estimated by using Staphylococcus aureus ATCC 6538P, Susceptibility testings. For estimation ofminimal inhibitory concentrations, serial dilutions (1:3) of the compounds were prepared in sterile distilled water, and 1-ml amounts of the dilutions were mixed with 9 ml of medium and transferred to petri dishes. The plates were then inoculated with about 103 colonyforming units of the fungal or bacterial strain. For the bacteria the results were recorded after an overnight incubation (37°C), and for the fungi readings were made after incubation at 27°C for 3 days.
The minimal inhibitory concentrations were defined as the lowest concentrations of compound inhibiting macroscopically visible growth of fungi or bacteria.
In 
RESULTS
To facilitate the discussion on the structureactivity relationship, the compounds tested were divided into five classes (A, B, C, D, and E) according to the type of the amidino-substituted skeleton. Classes A, C, and D were subdivided according to the type of the heterocyclic ring (indole, benzofuran, benzo[B]thiophene, indene, or benzimidazole). Class B compounds contained those compounds where each of the amidinosubstituted rings was a benzene. Some miscellaneous compounds were brought together in class E. For each type we considered the influence of heteroatoms in the skeleton, the effect of the positioning of the amidino groups, the role of substituents in the bridges connecting the ring systems, and the role ofthe nature ofthe cationic groups. (6) In (6) A. (5) In (5) Am (5) RNH NH<>' (5) (6) Am (3) hsn (4) >60  >60  30  30  30  >60  >60  >60  >60  >60  >60  3  3  >60   3  10  30  >60  60  60   3  30  10   3  10  60  >60  >60  >60  >60  >60  >60   >60  >60  >60  >60  >60  >60  >60  >60  >60  >60  >60  >60  >60  >60  >60  >60  >60   60  60  10  30  10 Tables 1 through  5 . They correspond to the results obtained for three separate tests. All assays were performed on a synthetic totally defined medium, since antifungal agents may show reduced activity in undefined culture media (10) . Results were generally reproducible within a limit of 1 to 3. Within class A (Table 1) the highest antifungal activity was noted for compound 4 
The isosteric replacement of -NH-by -CH2-(24) did not significantly alter its overall antifungal effect. However, the isosteric replacement of -NH-by -S- (15) ( 13, 15, 14, 12) . Substitution of an extra amino group in position 3 decreased the activity (compare 5 with 4 and 16 with 13). On substituting imidazolino groups for amidino groups, the antifungal activities of type A compounds generally diminished. This detrimental effect was less pronounced with the more active indoles (6, 4) than with the benzofurans (8, 7) or benzothiophenes (17, 13) . Less disadvantageous was the replacement of the amidino groups by guanidino groups, as shown by 10 and 7 and by 19 and 13. The antifungal activity was abolished if one amidino group (7) was replaced by an amino group (9) or if both (7) were replaced by dimethylformamidino ( 11) 
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58 aU CH C 1 (I) An h (6) AM (4) 59 11 cm I.," (6) In vivo tests. Since compound 56 exhibited the greatest antifungal activity in vitro, it was further evaluated for its efficacy in vivo. Mice were infected intravenously with 7 x 1iO colonyforming units of C. albicans. This dose caused 100% mortality within 3 weeks, the first dead being observed after 9 days of infection (Fig. 1) >60  30  27  10  3  60  >60  30  28  10  10  10  >60   10  30  10  3  >60  >60  30  32   60  30  10  >60  >60  34  60   3  >60  >60  10  35  10  3  30  >60  36  60  10  >60  >60  10   37  60  10  >60  >60  10  38  60  10  >60  >60  10  39  60  30  >60  >60  10  40  10  10  >60  >60  10  43   30  10  >60  >60  10   44   >60  30  >60  >60  30  50  60  10  10  >60  >60  51  60  10  60  >60   -54  60  10  >60  >60  55  10  3  10  >60   -56  1  1  1  >60  10  57  10  3  60  >60   _   58  10  3  10  60  10  59  3  1  3  >60  3  60  1  1  3  3  1  61  3  1  10  >60  1  62  >60  30  >60  >60  30  63  >60  10   >60  >60  64  >60  10  >60  >60  30  65  >60  3  >60  >60  3  67  30  3  >60  >60  10  68  >60  10  >60  >60  10  69  >60  10  >60  >60  10 VOL. 18, 1980 on June 26, 2017 by guest http://aac.asm.org/ Downloaded from ANTIMICROB. AGENTS CHEMOTHER. pended on the planarity of the molecule, the presence of amidino groups, the nature of the bridge connecting the two aryl moieties (preferably a phenoxy extension) and the nature of the aryl rings (preferably indole). The mechanism by which diarylamidine derivatives exert their antifungal and antibacterial activities may be related to a direct binding of the compounds to nucleic acids, as has been documented in previous studies (12) . Since amidino-or guanidino-substituted diaryl derivatives are in general superior in activity to the imidazolino-substituted diaryl derivatives, one may also envisage a direct interaction of the diarylamidines with some proteins (akin to arginine-specific esteroproteases) (17 
